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(QYLURQPHQWDO0DQDJHPHQW	$VVHVVPHQW7KHKRUL]RQWDOILHOGRIYLHZZDV
VHW WREHZKLFK LVZLGHU WKDQ WKDWRI D VWDQGDUG OHQV WRSUHVHQW WKHEUHDGWKRI
YLVXDO LQIRUPDWLRQ UHTXLUHG IRU URDG SURMHFWV ZKLFK H[WHQG WUDQVYHUVHO\ LQ WKH YLHZ
/DQGVFDSH ,QVWLWXWH  7R DYRLG GLVWRUWLRQ RI GLVWDQFH SHUFHSWLRQ WKH YHUWLFDO
ILHOGRIYLHZZDVNHSWDWZKLFKLVFORVHWRWKDWRIDVWDQGDUGOHQV7KHUHVXOWHG
DVSHFWRIWKHFDSWXUHGYLHZVZDV
7KHFDSWXUHGYLHZVZHUHUHQGHUHG LQWRYLGHRVFHQHVZLWKWKHDQLPDWLRQVRIPRYLQJ
WUDIILF (DFK YLGHR VFHQH ZDV  VHFRQGV ORQJ 7KH VFHQHV RI EDVHOLQH VFHQDULRV
ZKHUHWKHUHZDVQRPRYLQJWUDIILFZHUHVWLOO LPDJHVDQGHDFKODVWHGVHFRQGV,Q
WRWDO  YLGHR VFHQHV DQG  LPDJH VFHQHV ZHUH SURGXFHG DQG ZHUH PHUJHG LQ D
UDQGRPRUGHUWRFUHDWHDVLQJOHORQJYLGHRZLWKWKHVFHQHQXPEHU6FHQHWR6FHQH
 DSSHDULQJ IRU  VHFRQGV EHIRUH HDFK VFHQH DQG D VHFRQG EODQN LQWHUYDO DIWHU
HDFK VFHQH $QRWKHU ORQJ YLGHR ZDV PDGH ZLWK VFHQHV LQ UHYHUVHG RUGHU 7KH WZR
YLGHRVZRXOGEHHTXDOO\EXWUDQGRPO\DVVLJQHGWRWKHSDUWLFLSDQWVHVVLRQVWRUHGXFH
WKHSRVVLEOHHIIHFWRIVFHQHRUGHU
7DEOH3DUDPHWHUVRIWKHWUDIILFFRQGLWLRQVDQGQRLVHOHYHOVG%/$HTK DWUHFHLYHU
SRVLWLRQV
SURGXFHGXVLQJWKHUHFRUGLQJVDPSOHIURPPRWKHUZLVHIURPP
3UHSDUDWLRQRIDXGLRVWLPXOL
$XGLR UHFRUGLQJV RI WKH 0 WUDIILF QRLVHZDV PDGHRQ VLWH XVLQJ D GLJLWDO UHFRUGHU
6RXQG'HYLFHVDQGDSDLURI'3$0LQLDWXUH2PQLGLUHFWLRQDO0LFURSKRQHV
7UDIILFFRQGLWLRQ 1RLVHOHYHODWUHFHLYHUSRVLWLRQ
1RLVHHPLVVLRQ
OHYHOG%/$
+*9

$YHUDJH
VSHHG
KRXUO\
IORZ
1RRIFDUV
LQV
1RRI+*9V
LQV P P P
  NPK      
  NPK      
  NPK      
  NPK      
  NPK      
  NPK      
/LNH-LDQJ	-LDQ.DQJ7UDQVSRUWDWLRQ5HVHDUFK3DUW'7UDQVSRUWDQG(QYLURQPHQWKWWSVGRLRUJMWUG
ZRUQE\DQRSHUDWRUIDFLQJSHUSHQGLFXODUO\WRWKHURDGIURPGLVWDQFHVRIDERXWP
DQG  P HDFK IRU  PLQXWHV ORQJ 5HFRUGLQJV IURP VKRUWHU GLVWDQFHV ZHUH QRW
DYDLODEOHGXHWROLPLWHGDFFHVVLELOLW\7KHWUDIILFIORZZDVJHQHUDOO\FRQVLVWHQWGXULQJ
WKHUHFRUGLQJVDWVSHHGVDURXQGNPKDVHVWLPDWHGEDVHGRQWKHVLPXOWDQHRXV
YLGHRUHFRUGLQJV7KHZHDWKHURQWKDWGD\ZDVGU\DQGWKHZLQGVSHHGZDVYHU\ORZ
DWDERXWPV
$ VHFRQG VDPSOH ZDV H[WUDFWHG IURP HDFK RI WKH WZR IXOO DXGLR UHFRUGLQJV IRU
DXGLR UHSURGXFWLRQ7KH UHFRUGLQJ VDPSOH ZDV FDOLEUDWHGZLWK WKH VLJQDO RI DG%
&DO &DOLEUDWRU  G% N+] XVLQJ D 1HXPDQQ .8  GXPP\ KHDG DQG WKH
SOD\EDFN V\VWHP VHH 6HFWLRQ  WKDW ZRXOG EH XVHG IRU WKH H[SHULPHQW 7KH
REWDLQHGVRXQGHTXLYDOHQWOHYHORIWKHVHFRQGVDPSOHIURPPZDVG%$
DQGWKDWIURPPZDVG%$
7KH UHTXLUHG QRLVH OHYHOV DW UHFHLYHU SRVLWLRQV LQ HDFK VFHQDULR ZHUH FDOFXODWHG LQ
&DGQD$ DQG DUH VKRZQ LQ7DEOH ,Q&DGQD$ 'PRGHOV RI WKH ODQGVFDSHVZHUH
EXLOW XVLQJ WKH VDPH LQSXW GDWD DV XVHG IRU WKH ' PRGHOOLQJ LQ GV 0D[ 7KH
DEVRUSWLRQFRHIILFLHQWRIWKHJURXQGZKLFKZDVJUDVVODQGLQWKLVVWXG\ZDVVHWDV
7KH 8. &571 PRGHO ZDV XVHG WR FDOFXODWH WKH QRLVH OHYHOV ZLWK LQSXW RI WKH
GHVLJQHG WUDIILF FRQGLWLRQV 7KH REWDLQHG /$K OHYHOV ZHUH IXUWKHU FRQYHUWHG WR
/$HTKOHYHOV$EERWW	1HOVRQ&DOFXODWHGOHYHOVIRUHDFKVFHQDULRDUHVKRZQ
LQ7DEOH
7R SURGXFH DXGLR ILOHV IRU UHFHLYHG WUDIILF QRLVH LQ HDFK VFHQDULR WKH UHFRUGLQJ
VDPSOHV IURP  P DQG  P ZHUH HGLWHG LQ $GREH $XGLWLRQ &6 HLWKHU E\
LQFUHDVLQJRUE\GHFUHDVLQJWKHRYHUDOOOHYHOV$XGLRILOHVIRUVFHQDULRVPDUNHGZLWK
³´ LQ 7DEOH  ZHUH SURGXFHG XVLQJ WKH UHFRUGLQJ VDPSOH IURP  P ZKLOH WKH
RWKHUV IURP  P 7KH VDPH DXGLR ILOHV ZHUH XVHG IRU WKH WZR +*9 SHUFHQWDJH
VFHQDULRVWREHWWHUVHUYHWKHSXUSRVHRIWHVWLQJWKHYLVXDOHIIHFWRIWUDIILFFRPSRVLWLRQ
ZKLOH FRQWUROOLQJ WKH DXGLR VWLPXOL 7KLV ZDV VXSSRUWHG E\ WKDW FKDQJHV LQ VSHFWUDO
FKDUDFWHU FDXVHG E\ FKDQJHV LQ WUDIILF FRPSRVLWLRQ ZHUH QRW UHPDUNDEOH LQ WUDIILF
FRQGLWLRQVDQGDWUHFHLYHUGLVWDQFHVXVHGLQWKLVVWXG\DVWKHVSHFWUDOVKDSHVGLGQRW
FKDQJHGUDPDWLFDOO\RYHUWLPHZLWKLQWKHRULJLQDOPLQXWHVUHFRUGLQJVGHVSLWHVRPH
FKDQJHVLQWUDIILFFRPSRVLWLRQGXULQJWKHWLPH)LJXUH
)RUEDVHOLQHVFHQDULRVZKHUHWKHUHZRXOGEHQRWUDIILFQRLVHELUGVRXQGZDVDGGHGWR
WKH VRXQGWUDFN VLQFH ELUG VRXQG ZDV WKH PDLQ EDFNJURXQG VRXQG DW WKH FDVH VLWH
GXULQJ UHFRUGLQJ DQG ZDV DOVR FRQWDLQHG LQ WKH H[WUDFWHG WUDIILF QRLVH UHFRUGLQJ
VDPSOH$QDXGLRVLJQDORISXUHELUGVRXQGZDVUHFRUGHGLQDTXLHWSDUNLQ6KHIILHOG
DQGHGLWHGIRUXVH
/LNH-LDQJ	-LDQ.DQJ7UDQVSRUWDWLRQ5HVHDUFK3DUW'7UDQVSRUWDQG(QYLURQPHQWKWWSVGRLRUJMWUG
)LJXUH&KDQJHVRIVSHFWUDOVKDSHVRIWKHPLQXWHUHFRUGLQJVRYHUWLPH
7KHH[SHULPHQWDQGSURFHGXUH
7KLUW\XQLYHUVLW\VWXGHQWVPDOHVDQGIHPDOHVDJHG$YJ 6' 
ZLWKQRUPDOKHDULQJDQGQRUPDORUDGMXVWHGWRQRUPDOYLVLRQSDUWLFLSDWHGLQWKH
H[SHULPHQW 7KH VDPSOH ZDV PRUH UHSUHVHQWDWLYH RI \RXQJHU SRSXODWLRQ (DFK
SDUWLFLSDQWVHVVLRQWRRNDERXWPLQXWHVDQGWKHSDUWLFLSDQWUHFHLYHGILYHSRXQGVDV
FRPSHQVDWLRQIRUKLVKHUWLPH
7KH H[SHULPHQW ZDV FDUULHG RXW LQ D P î P î P DQHFKRLF FKDPEHU 7KH
YLGHRVZHUHSOD\HGE\DQ$686;&ODSWRSDQGSURMHFWHGYLDD+LWDFKL(';
/&' SURMHFWRU RQWR D  FP î  FP VFUHHQ  P DZD\ IURP ZKHUH WKH
SDUWLFLSDQWV ZHUH VHDWHG 6RXQG ZDV SUHVHQWHG WR SDUWLFLSDQWV YLD D SDLU RI
%H\HUG\QDPLF'73URKHDGSKRQHV
'XULQJWKHH[SHULPHQWSDUWLFLSDQWVZHUHDVNHGWRUDWHWKHRYHUDOOSOHDVDQWQHVVRIHDFK
VFHQHXVLQJYLVXDODQDORJXHVFDOHWKDWLVE\PDUNLQJD³î´RQDEDUZKLFKZDV
PPORQJRQWKHSULQWHGTXHVWLRQQDLUHDQGKDGRQO\³ORZSOHDVDQWQHVV´DQG³KLJK
SOHDVDQWQHVV´ODEHOOHGDWWKHWZRHQGV%HIRUHVWDUWSDUWLFLSDQWVZHUHWROGWKDWWKH
WHUPRYHUDOOSOHDVDQWQHVVLQWKLVVWXG\FRQFHUQHGPDLQO\YLVXDOSOHDVDQWQHVVDQG
VRXQGSOHDVDQWQHVVEXWWKHSXUSRVHRIWKLVVWXG\ZDVQRWPHQWLRQHG
'DWDDQDO\VLV
2YHUDOOSOHDVDQWQHVVRIHDFKVFHQHZDVPHDVXUHGRQTXHVWLRQQDLUHVDVWKHOHQJWKIURP
WKHORZSOHDVDQWQHVVHQGRIWKHYLVXDODQDORJXHVFDOHEDUWRWKHPDUNHG³î´RQWKHEDU
LQPLOOLPHWUH)RUH[DPSOHLIWKHOHQJWKLVPPWKHQWKHRYHUDOOSOHDVDQWQHVVVFRUH
LV  6R SRVVLEOH RYHUDOO SOHDVDQWQHVV VFRUHV ZRXOG UDQJH IURP  WR  7KH
SHUFHLYHG LQWHJUDWHG LPSDFW LQ HDFK VFHQH ZLWK PRWRUZD\ ZDV FDOFXODWHG E\
VXEWUDFWLQJWKHRYHUDOOSOHDVDQWQHVVVFRUHRIWKHVFHQHIURPRYHUDOOSOHDVDQWQHVVVFRUH
RI WKH FRUUHVSRQGLQJ EDVHOLQH VFHQH ZLWKRXW PRWRUZD\ 3RVVLEOH LQWHJUDWHG LPSDFW
ZRXOG WKXV UDQJH IURP  WR  ZKHUH D QHJDWLYH YDOXH PHDQV WKH PRWRUZD\
HQKDQFHV WKH RYHUDOO SOHDVDQWQHVV ZKHUHDV D SRVLWLYH YDOXH PHDQV WKH PRWRUZD\
/LNH-LDQJ	-LDQ.DQJ7UDQVSRUWDWLRQ5HVHDUFK3DUW'7UDQVSRUWDQG(QYLURQPHQWKWWSVGRLRUJMWUG
GHFUHDVHVWKHRYHUDOOSOHDVDQWQHVVWKHODUJHUWKHDEVROXWHYDOXHWKHKLJKHUWKHOHYHORI
LPSDFW
:LWKLQVXEMHFW $129$ ZDV UXQ WR DQDO\VH WKH HIIHFWV RI WHVWHG IDFWRUV RQ WKH
LQWHJUDWHG LPSDFW DQG UHJUHVVLRQ DQDO\VLV ZDV FDUULHG RXW WR H[SORUH WKH
LQGLFDWLYHQHVVRIQRLVHH[SRVXUHWRWKHLPSDFW$OOVWDWLVWLFDODQDO\VLVZDVSHUIRUPHG
XVLQJ,%063666WDWLVWLFV
5HVXOWVDQGGLVFXVVLRQ
7KHHIIHFWVRIWUDIILFFRQGLWLRQGLVWDQFHWRURDGDQGEDFNJURXQGODQGVFDSH
$îîîZLWKLQVXEMHFW$129$ZDVFDUULHG WRDQDO\VHWKHHIIHFWVRIQRLVH
HPLVVLRQOHYHOSHUFHQWDJHRI+*9GLVWDQFHWRURDGDQGEDFNJURXQGODQGVFDSHRQWKH
SHUFHLYHG LQWHJUDWHG LPSDFW RI YLVXDO LQWUXVLRQ DQG QRLVH RI PRWRUZD\V 7DEOH 
VKRZVWKHUHVXOWV$OOWKHIDFWRUVKDGVLJQLILFDQWHIIHFWRQWKHSHUFHLYHGLPSDFWH[FHSW
SHUFHQWDJH RI +*9 7KH YDOXHV RI SDUWLDO HWD VTXDUHG LQGLFDWH WKDW QRLVH HPLVVLRQ
OHYHO ZDV WKH PRVW LQIOXHQWLDO IDFWRU IROORZHG E\ GLVWDQFH WR URDG DQG WKHQ E\
EDFNJURXQG ODQGVFDSH 0DUJLQDO PHDQ FRPSDULVRQV VKRZ WKDW WKHUH ZHUH KLJKO\
VLJQLILFDQWGLIIHUHQFHVEHWZHHQHDFKRI WKHWKUHHQRLVHHPLVVLRQ OHYHOVDQGEHWZHHQ
GLVWDQFHV RI  P DQG  P S   /HVV VLJQLILFDQW GLIIHUHQFH ZDV IRXQG
EHWZHHQGLVWDQFHVRIPDQGPS 6LJQLILFDQWLQWHUDFWLRQHIIHFWVZHUH
IRXQGEHWZHHQQRLVHHPLVVLRQOHYHODQG3HUFHQWDJHRI+*9EHWZHHQQRLVHHPLVVLRQ
OHYHODQGGLVWDQFH WR URDGDQGEHWZHHQEDFNJURXQG ODQGVFDSHDQGGLVWDQFH WR URDG
DOOZLWKDPHGLXPHIIHFWVL]H
7DEOH5HVXOWVRIWKH$129$RQWKHHIIHFWVRIQRLVHHPLVVLRQOHYHOSHUFHQWDJHRI
+*9GLVWDQFHWRURDGDQGEDFNJURXQGODQGVFDSHRQWKHSHUFHLYHGLQWHJUDWHGLPSDFW
RQO\VLJQLILFDQWLQWHUDFWLRQHIIHFWVDUHVKRZQ
DVVXPSWLRQ RI VSKHULFLW\ ZDV YLRODWHG DQG *UHHQKRXVH*HLVVHU FRUUHFWLRQ ZDV
DSSOLHG
$OWKRXJK QRLVH HPLVVLRQ OHYHO DQG GLVWDQFH WR URDG EHLQJ WKH WZR PRVW LQIOXHQWLDO
IDFWRUVGRHVQRWQHFHVVDULO\PHDQWKDWQRLVHLPSDFWZDVPRUHGRPLQDQWVLQFHWKHVH
WZR IDFWRUV FDQ DOVR EH GHFLVLYH RQ YLVXDO LPSDFW LW GRHV LPSO\ WKDW QRLVH OHYHO DW
)DFWRU I GI S
1RLVHHPLVVLRQOHYHO    
3HUFHQWDJHRI+*9    
'LVWDQFHWRURDG    
%DFNJURXQGODQGVFDSH    
1RLVHHPLVVLRQOHYHOî3HUFHQWDJHRI+*9    
1RLVHHPLVVLRQOHYHOî'LVWDQFHWRURDG    
%DFNJURXQGODQGVFDSHî'LVWDQFHWRURDG    
/LNH-LDQJ	-LDQ.DQJ7UDQVSRUWDWLRQ5HVHDUFK3DUW'7UDQVSRUWDQG(QYLURQPHQWKWWSVGRLRUJMWUG
UHFHLYHUSRVLWLRQFDQEHDSRWHQWLDOLQGLFDWRUIRUWKHLQWHJUDWHGLPSDFW7KHVLJQLILFDQW
HIIHFW RI EDFNJURXQG ODQGVFDSH DV ZHOO DV WKH VLJQLILFDQW LQWHUDFWLRQV ZLWK
EDFNJURXQG ODQGVFDSH DQG SHUFHQWDJH RI +*9 VXJJHVWV WKDW VRPH ZHLJKWLQJV E\
YLVXDOIDFWRUVPLJKWEHQHHGHG
)LJXUHSORWVWKHPHDQGLIIHUHQFHVDQGWKHLQWHUDFWLRQV,WFDQEHVHHQLQ)LJXUHD
WKDWWKHUHLVDVWHDG\LQFUHDVHLQLQWHJUDWHGLPSDFWE\QRLVHHPLVVLRQOHYHO3HUFHQWDJH
RI+*9GRHVFKDQJHWKHLQFUHDVHUDWHEXWWKHFKDQJHLVQRWUHPDUNDEOHGHVSLWHWKH
LQWHUDFWLRQ EHLQJ UHSRUWHG DV VLJQLILFDQW )LJXUH E VKRZV WKDW LQWHJUDWHG LPSDFW
GHFUHDVHV E\ GLVWDQFH WR URDG LQ D UDSLGWRJHQWOH SDWWHUQ ZKLFK UHVHPEOHV WKH
GHFUHDVHLQQRLVHOHYHOVDWUHFHLYHUSRVLWLRQVE\GLVWDQFH7KHSDWWHUQLVPRVWREYLRXV
ZLWK WKH KLJKHVW QRLVH HPLVVLRQ OHYHO 6LPLODU GHFUHDVLQJ SDWWHUQV DUH DOVR IRXQG LQ
YLVXDOLPSDFWLQ-LDQJ	.DQJLQWKHZLWKVRXQGFRQGLWLRQZKLOHOHVVFOHDULQ
WKHZLWKRXWVRXQGFRQGLWLRQ7KHVHILQGLQJVLQGLFDWHWKHLPSRUWDQFHRIQRLVHOHYHOLQ
GHFLGLQJ WKHSHUFHLYHG LQWHJUDWHG LPSDFW)LJXUHFVKRZV WKDW LQWHJUDWHG LPSDFW LV
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